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DISPERSION-STRENGTHENED NICKEL-BASE ALLOYS,

by

R. C. Nelson and R. Widmer

ABSTRACT

an evaluation of the effect of cold work on nickel-base alloys con-

taining thorium dioxide was undertaken.

Drawing and swaging techniques were used to introduce the cold work
to these 806 nuickel/20% chromium-base alloys. Swaging was performed with
10%, 15% and 20% reductions of area per cycle. Intermediate anneals at
1600°F and 2000°F were used to complete the working cycle. Sound material

was obtained after extensive amounts of working.

Elevated temperature tensile strengths were generally improved by

introducing cold work.



This report covers the work performed under NASA Contract NAS 3-7265

during the period from 13 June 1966 to 13 December 1966.

This contract was initiated between the NASA Lewis Research Center,
Cleveland, Ohio and the New England Materials Laboratory, Inc., (now Teledyne
Materials Research Co.) for the "Evaluation of the Effect of Cold Work on
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was the NASA Research Advisor.
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Widmer was the Program Manager. Technical advice and assistance was provided
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EVALUATION OF THE EFFECT OF GOLD WORK ON
DISPERSION-STRENGTHENED NICKEL-BASE ALLOYS.

by
R. C. Nelson and R. Widmer
TELEDYNE MATERIALS RESEARCH CO.

SUMMARY

Studies of the 80%nickel - 20% chromium = thorium dioxide system to
determine the effect of cold work on mechanical properties were undertaken. Two
alloys containing 2.5 v/o thorium dioxide and one containing 5.0 v/o of the same

oxide were evaluated.

Swaging was the most successful method of introducing cold work. Tensile
strength at 1800°F for a 2.5 v/o thoria alloy was increased from 6,060 psi to
12,900 psi by swaging 4 times with 10%reduction steps. The alloy containing
5.0 v/o thoria had a maximum tensile strength of 10,600 psi at 1800°F after eight
passes of 20% reduction steps versus 7,190 psi in the as extruded condition.

Yield strength and ductility were generally adversely affected by cold work.

There was no correlation between mechanical properties and the reduction of
area per cycle in the swaging operations. The mechanical properties of the alloys
b

Wel[e not affected by varying the annealing temperature 1600°F or 2000°F between

swagings .

Improvements in stress rupture properties were marginal.
Hardness measurements of the swaged alloys after exposure at 1500°F, 1800°F
and 2200°F indicated that the alloys were stable under these conditions since

no appreciable hardness drop occurred.

Oxidation resistance at 1800°F, 2000°F, 2200°F and 2400°F of the alloys in
the as extruded condition was determined and compared with Nichrome. The
alloys are significantly more oxidation-resistant than commercial Nichrome at a1l

temperatures.



1. INTRODUCTION

The mechanical properties of several metal- metal oxide systems
have been evaluated after the introduction of cold work to extruded

structures.1’2’3’4’5

An improvement in properties was observed by most of
the above-referenced investigations. The improvement wag achieved by
various working cycles. A cycle is defined as a reduction followed by an
anneal. The annealing temperature is generally higher than the recrystal-
lization temperature of the matrix but less than the recrystallization
temperature of the metal- metal oxide alloy. The properties of the alloys are

dependent on the number of working cycles, the amount of cold work per cycle,

and the annealing temperature.

The effect of cold work on elevated tensile properties has been shown
by Fraser et al of Sherritt Gordon Mines Limii:ed.4 The material was nickel-
3 volume percent thorium dioxide. After 20 cycles of 10%cold work per cycle
with intermediate anneals at 2200°F, the 1600°F tensile strength increased

from 17,000 psi in the as—extruded condition to 27,000 psi.

However, it should be pointed out that Inman, M. C, et al / report only

marginal changes in properties through cold work.

The present evaluation was carried out with three 89%nickel-20%
chromium (Nichrome) alloys containing thorium dioxide as a dispersoid. These
alloys were prepared under a previous program at New England Materials
Laboratory (now Teledyne Materials Research Co.) and are identified as 86, #6A
and f7. Alloy #6 and #6A contain 2.5 V/o thorium dioxide while Alloy #7
contains 5 V/o thorium dioxide. The oxide was introduced into these alloys by

the thermal decomposition of thorium nitrate onto 1-micron Nichrome powder.



Alloys #6 and 87 were treated with carbon to reduce the matrix oxygen content,
Alloy #6A was consolidated without any treatment to remove oxygen. Pertinent

data of the alloys in the as—extruded conditions are recorded in Table 1.

II. EXPERIMENTAL WORK

Cold Drawing

It was first attempted to introduce cold work into the alloys by
drawing. Only Alloy #7 was used in these experiments.

The rods were drawn at a speed of one inch per minute through a
series of tungsten carbide dies that permitted 20% reductions between successive
steps. Molybdenum disulfide, both in aerosol and flake form, was used as a
lubricant. The disulfides were obtained from Bemol, Inc. of Newton, Massachusetts.
Following each drawing the rod was annealed at 1600°F for one hour.

In the two attempts to draw Alloy f7, the rods broke during the
second 20% reduction cycle. Apparently this reduction was too severe. Therefore
further drawing was abandoned.

It was thought that 10%reductions would yield sound material.

But dies of the appropriate sizes were not available and would have required

several months for delivery.

Cold Swaging

20% reduction

Swaging was used as a second method of introducing cold work into
the alloys. Alloy #7 was the first alloy of the three to be subjected to cold
work by swaging. The alloy was reduced 20% per pass and was annealed 1/2 hour
at 1600°F between swagings. Eleven swaging steps were performed and resulted

in sound material. The core diameter was reduced from 0.39 to 0.076 inches.



Nuclear Metals, Inc., a division of Whittaker Corp., Concord, Mass. performed
this swaging. Rockwell A hardness values are recorded in Table IIT and
shown in Figure 1. The measurements were made after each swaging and after
each annealing cycle to give an indication of the stability of the alloy

following the cold work.

15%reductions

Alloy #7 was also subjected to cold work by swaging in which the
cross—section area was reduced 15%per pass. The effect of intermediate anneal
temperature was studied. Part of the alloy was subjected to anneals at 1600°F;
another portion at 2000°F. Swaging of the alloys in 15%reduction steps was
performed by Metalonics, Inc., a division of Kawecki Chemical Co., South Boston,
Massachusetts. The hardness values are listed in Table III and shown in
Figure 2. The material was cracked after seven swagings, regardless of annealing
temperature.

Alloy #6 was subjected to swaging with 15%reductions per cycle.

A portion was annealed at 1600°F, while another was annealed at 2000°F. The
hardness values obtained in the course of these experiments are reported in
Table 1V and Figure 3. This alloy cracked after seven swagings, under both

sets of annealing conditions.

10%reductions

At Nuclear Metals swaging of the alloys in 10%reductions per
cycle was accomplished on alloys #6, #6A and #7. A 1/2 hour anneal at 1600°F
was used. Sixteen swagings were performed on alloy #7, while only four were
possible with alloys #6 and #6A. At this point alloys 116 and #6A cracked.

Hardness values are recorded in Tables V and VI.



111 EVALUATION OF PROPERTIES

A. Microstructure,

The microstructure of the alloys in the as—-extruded condition was
examined at 100X, 1000X and 20,000X by optical and electron microscopy
techniques. The microstructures of longitudinal sections of alloy i16 are
shown at 00X and 1000X in Figure 4. The same alloy at 20,000X is shown in
Figure 5, while transverse sections at 100X, 1000X, and 20,000X are shown in
Figure 6 and 7. The structures of alloys #6A and #7 are shown in Figures 8-15
with the same magnifications. All alloys have a rather non-uniform structure.
The size of the oxide particles varies between several tenths of a micron and
1 micron. The interparticle spacing is within the range of 1-5 microns.

Alloy #6A appears to have a finer oxide dispersion. This alloy was not vacuum~
carbon reduced, and some of the oxide particles present are probably chromium
oxide.

B. Oxidation Resistance

Oxidation resistance of the alloys as well as of Nichrome was
determined by exposing samples in air at various temperatures. Weight changes
after 1, 10 and 100 hours at 1800°F, 2000°F, 2200°F and 2400°F were determined.
Specimens were placed in platinum boats, exposed at the temperatures for 1 hour,.
cooled, and weighed. The same specimens were then similarly treated for a total
of 10 hours at the same temperatures and subsequently for 100 hours. A different
specimen of each alloy was used for each temperature.

The depth of penetration was measured by mounting in bakelite the

above specimens after the 100-hour exposures. The specimens were polished



and a measuyring eye piece was used to determine the depth of oxide penetration.
The changes in weight are recorded in Table VII while the
penetrations of oxide are reported in Table VIII and represented in Figures 16-20.
The oxidation resistance of the alloys compares favorably with that
of Nichrome. The data indicate that commercial Nichrome was generally more
susceptible to oxidation at all conditions of testing. The Nichrome used in
these experiments was obtained from Driver-Harris Corp., Harrison, New Jersey

and it had the following composition:

Chromium 19.5 %

Silicon 1.45%
Carbon 0.03%
Nickel balance

C. Stability Tests

Hardness measurements of the swaged alloys were made after various
amounts of cold work and subsequently after exposure of the alloys for dhour
and 5 hours at 1500°F, 1800°F and 2200°F in air. These measurements, recorded
in Table I1X, indicate that the alloys were stable under the conditions tested,

as no appreciable hardness drop occurred.

D. Tensile Tests

The tensile properties of the swaged alloys were evaluated at
room temperature, 1800° and 2000°F and are recorded in Table X

The beneficial effect of cold work on the elevated temperature
tensile properties of these alloys is shown if one examines, for example, the

1800°F data on alloy #6A. The tensile strength has increased from 6,000 to



13,000 psi as a result of 4 swaging cycles of 10%reduction steps with 1600°F
intermediate anneals.

A similar, but less dramatic, improvement in tensile properties
at room temperature and at 1800°F was observed with alloy f7 when 20%
reduction steps were used. However, as the number of cycles increased beyond
eight, the tensile strength decreased, and after elaven swagings i1t was

essentially that of the as-extruded alloy.

E. Stress Rupture Tests

Stress rupture properties of the alloys after varying amounts of
cold work were determined and are presented in Table XI.
The data indicate less improvements in stress rupture strength

than in tensile strength.



Iv. CONCLUSIONS AND RECOMIVENDATIONS

The results illustrate that a dispersion-strengthened structure such
as alloys #6, #6A and #7 cannot, or at least not easily, be brought to a
high creep strength level through thermomechanical treatment. A material
with better structural parameters in the as extruded condition responds very
much better to the same type of swaging and annealing cycles. (This was
demonstrated with some alloys prepared on an in-house budget. See Appendix.)
For these reasons it would be inappropriate to make generalized conclusions
on the basis of the results on the three alloys discussed in this report.
However, the following recommendations can be made for future work:

1. Several alloys (among the ones listed below) should be selected.
Enough material should be prepared by the process briefly described
in the appendix of this report (Halide diffusion process) and a
thorough evaluation of the influence of the thermomechanical
treatments on the mechanical properties of the materials should

be made. Answers to the following questions should be obtained:

a. |If swaging is used, what reduction steps are most efficient?
What is the number of swaging cycles for optimum properties?

c. Should annealing be applied after each cold work cycle and
at what temperature and what time?

d. Can cold swaging, plus annealing, be replaced by warm
working through forging, warm swaging or extrusion? 1t is,
of course, of particular interest to decrease the number
of cycles now used in thermomechanical treatments of
dispersion-strengthened alloys.



2. Matrices to be considered for this type of an effort are for
instance:

60Ni 20Cr 2W

74Ni 20Cr 4Mo  2Nb
57Co 18Cr 15W  1ONi
59Ni 16Cr 16Mo 5Fe &V
62Ni 15Cr 18Co 5Mo
58Ni 20Cr 14Mo  8W

65Co 20Cr 1BW

80Ni. 20Cr

3. A better correlation should be established between structural
parameters, mechanical properties and processing variables.
Transmission electron microscopy will be required for this effort.

4. Attempts should be made to obtain high density powder compacts with
a large diameter, which would allow more reduction via cold and/or
warm work. It is proposed that a study in isostatic hot pressing be
done with this goal in mind. The influence of the pertinent variables
- temperature, pressure, dimensions - on the structural parameters

has to be studied.
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TABLE 1

n—————

DATA OF ALLOYS IN THE AS EXTRUDED CONDITION

Alloy Lendth, g?{:reneter, 70, 2} % ¢ 1800°F Tensile Data

Irnches UTS,ksi | 0.2%Y.S.,ksi e,% R.A.7Z
f6 29 0.39 0.53 | 0.03 8.0 7.5 5.3 | 5.3
#6A 12 0.36 1.00 ] 0.10 6.1 5.1 4.4 5.1
#7 08 0.34 0.94 | 0.04'| 7.2 6.5 8.6 | 10.1
& Vaowum fusion technique

Oxygen in 2.5 v/o thorium oxide is 0.367.%
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TABLE II

HARDNESS OF ALLOY #7 AFTER DRAWING

Hardness, Rockwell A2

Condition
Bar 1 Bar 2
As extruded 63 63
20% reduction 68 68
Anneal 1 hr. @"1600°F 61 60
20% reduction 66 67
Anneal 1 hr. @ 1600°F 60 59

a Average of at least nine determinations

12




TABLE III

T —

»

HARDNESS OF ALLOY #7 AFTER SWAGING
(20% and 15%reductions per cycle)

Condition

Hardness, Rockwell A a

20% Redu

L]

ction

1600°F Anneal

15% Reducfion
1600°F Anneal

15%Reduction
2000°F Anneal

As extruded

First swage
Anneal 1/2 hour

Second swage
Anneal 1/2 hour

Third swage
Anneal 1/2 hour

Fourth swage
Anneal 1/2 hour

Fifth swage
Anneal 1/2 hour

Sixth swage
Anneal 1/2 hour

Seventh swage
Anneal 1/2 hour

Eighth swage
Anneal 1/2 hour

Ninth swage
Anneal 1/2 hour

Tenth swage
Anneal 1/2 hour

Eleventh swage

63.0

63.0

64.8
63.9

63.0

64.5
62.9

a Average at least three determinations

13




TABLE IV

HARDNESS OF ALLOY #6 AFTER SWAGING
(159% reduction per cycle)

Hardness, Rockwell A 2
Condition » ' :
1600°F Anneal 2000°F Anneal

As extruded 62.0 62.0
First swage 67.1 66.1
Anneal 1/2 hour 58. 1 59.0
Second swage 66.6 66.6
Anneal 1/2 hour 57.1 56.8
Third swage 65.5 65.6
Anneal 1/2 hour 60.0 57.7
Fourth swage 65.8 64.8
Anneal 1/2 hour 62.7 58.6
Fifth swage 66.2 66.0
Anneal 1/2 hour 57.6 56.8
Sixth swage 66.3 67.1
Anneal 1/2 hour 58.7 59.3
Seventh swage 66.1 66.0
Anneal 1/2 hour 59.1 57.4

a Average at least three determinations

14




HARDNESS OF

I p—————

ALLOY #7 AFTER SWAGING

(10% reduction per cycle)

Condition

Hardness, Rockwell A8
1600°F Anneal

As extruded

First swage
Anneal 1/2 hour

Second swage
Anneal 1/2 hour

Third swage
Anneal 1/2 hour

Fourth swage
Anneal 1/2 hour

Fifth swage
Anneal 1/2 hour

Sixth swage
Anneal 1/2 hour

Seventh swage
Anneal 1/2 hour

Eighth swage
Anneal 1/2 hour

Ninth swage
Anneal 1/2 hour

Tenth swage
Anneal 1/2 hour

Eleventh swage
Anneal 1/2 hour

Twelfth swage
Anneal 1/2 hour

Thirteenth swage
Anneal 1/2 hour

Fourteenth swage
Anneal 1/2 hour

Fifteenth swage
Anneal 1/2 hour

Sixteenth swage
Anneal 1/2 hour

63.0

62.9
64.1

67.8
63.7

65.4
62.5

67.4
58.9

65.9
63.2

64.3
63.2

65.3
62.0

64.6
63.2

66.0
61.0

66.2
63.1

68.1
60.6

64.7
63.1 !

65.5
62.9

65.3
60.4

66.1
60.0

64.6

a Average of at

least three determinations

15




TABLE VI

HARDNESS OF ALLOY #6 AFTER SWAGING
(10% reduction per cycle)

Hardness, Rockwell A2

Condition 1600°F Anneal
As extruded 64.8
First swage -
Anneal 1/2 hour 65.3
Second swage 66.9
Anneal 1/2 hour 64.3
Third swage 63.2
Anneal 1/2 hour 64.9
Fourth swage 65.6

a Average of at least three determinations

16
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TABLE VIII

————

OXIDE PENETRATION AFTER EXPOSURE IN AIR 2

Penetration, inches after 100 hours exposure at

Material : -

i800°F 2000°F 2200°F 2400°F
Nichrome 0.0007 0.00084 0.0014 0.0014
Alloy {6 0.00035 0.00028 0.00014 0.00028
Alloy #6A 0.00014 0.00028 0.00014 0.0017
Alloy #7 0.00014 0.00028 0.00014 0.00042

a Specimens were mounted in bakelite, polished and the
oxide penetration determined with a measuring eye piece.

18
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STRESS RUPTURE PROPERTIES AT 2000°F OF ALLOYS #6, {#6A,

AND #7 AFTER COLD WORKING THE ALLOYS BY SWAGING

TABLE XI

Material Stress, | RupwreLife. | o 7 | ra z
Alloy #6
15%reductions
After 8 cycles 2,000 0.3 4 7
Alloy #6A
10%reductions
After 4 cycles 4,000 1.0 0
3,000 8.0 5 0
Alloy #7
10%reductions
After 6 cycles 5, 000 0.05 5 4
After 11 cycles 4,000 0.03 4 0
After 16 cycles 3,000 0.1 1 0
After 16 cycles 2,000 0.6 1 0
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Figure 1:  Effect of Cold Work (Swaging by 20%Reduction per cycle)
gn Alloy #7, as measured by hardness changes.
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Figure 2 Effect of Cold Work (Swaging by 15% Reduction per cycle)

on Alloy #7, as measured by hardness changes.
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Figure 3  Effect of Cold Work (Swaging of 15% Reduction per cycle)

on Alloy #6, as measured by hardness changes.
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Figure 4: Microstructure of longitudinal section of
Alloy #6 (80 nickel-20 chromium + 2.5 v/o
Thoz), as extruded.
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Electron micrograph of a longitudinal section of Alloy #6,

Figure 5:
(80 nickel-20 chromium * 2.5 v/o Thoz), as extruded.
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Figure 6: Microstructure of transverse section of
Alloy #6 (80 nickel-20 chromium + 25 v/o
Thoz), as extruded.
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Figure 7. Electron micrograph of a transverse section of Alloy 86,
(80 nickel-20 chromium + 25 v/o ThOz), as extruded.
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Figure 8 Microstructure of longitudinal section of
Alloy #6A (80 nickel-20 chromium + 2.5 v/o
Thoz), as extruded.
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Figure 9: Electron micrograph of a longitudinal section of Alloy #6A,
(80 nickel-20 chromium + 2.5 v/o Thoz), as extruded.
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Figure 10: Microstructure of transverse section. of
Alloy #6A (80 nickel-20 chromium * 2.5 v/o
Thoz) , as extruded.
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Figure 11: Electron micrograph of a transverse section of Alloy #6A,
(80 nickel-20 chromium t 2.5 v/o Thoz), as extruded.
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Figure 12: Microstructure of longitudinal section of
Alloy #7 (80 nickel-20 chromium + 5 v/o
Thoz)’ as extruded.
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Figure 13: Electron micrograph of a longitudinal.section of Alloy #7,
(80 nickel-20 chromium + 5 v/o Thoz), as extruded.
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Figure 15: Electron micrograph of a transverse section of Alloy #7,
(80 nickel-20 chromium + 5 v/o Thoz), as extruded.
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Figure 16:  Oxidation Characteristics of Various Nickel-Base Alloys
After Exposure in Air for Various Times at 1800°F
(as measured by weight change)
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Figure 17: Oxidation Characteristics of Various Nickel-Base Alloys
After Exposure in Air for Various Times at 2000°F.
(as measured by weight change)
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Figure 18: Oxidation Characteristics of Various Nickel-Base Alloys
After Exposure in Air for Various Times at 2200°F
(as measured by weight change)
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Figure 19: Oxidation Characteristics of Various Nickel-Base Alloys

After Exposure in Air for Various Times at 2400°F
(as measured by weight change)
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Oxidation Characteristics of Various Nickel-Base Alloys
After 100 Hours Exposure in Air,at Various Temperatures.
(as measured by depth of oxide penetration)
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APPENDIX: Experiments with Dispersion—Strengthened

Nickel/Chromium—-Base Alloys

Experiments with dispersion-strengthened nickel/chromium-base matrices
were conducted in cooperation with a French group using know-how of both
companies. The processing techniques used can be applied to the dispersion
strengthening of almost any solid solution matrix containing elements such as
iron, nickel, chromium, cobalt, molybdenum, tungsten, manganese, platinum
metals, and niobium. Excluded are the more reactive metals. The process is
particularly attractive as it lends itself to the design of "tailor-made"
alloys because of the applicability to various solid solutions containing
chromium. The processing variables used in preparing these alloys are shown

schematically in Figure A 1.

Samples that were prepared had a very uniform and fine dispersion in
the extruded condition, an oxide particle size of around 0.1 micron and an

interparticle spacing below 1 micron.

The tensile and stress rupture properties of some of the alloys were
evaluated in the as—extruded and the extruded and swaged condition. The
results for the 2000°F tests are listed in Table A 1. In the extruded
condition the material had moderate to low strength coupled with good
ductility. After various swaging and annealing treatments the high temp-
erature stress rupture strength was increased with best results around

6,000 psi for 100 hours' rupture life.

These preliminary results indicate that the process chosen here can

indeed be applied to the dispersion strengthening of a wide variety of
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superalloy compositions. Stable structures can be obtained. The first
attempts to improve the strength properties of extruded alloys by swaging
were successful, although the stress rupture data are still far from being

optimized.
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TABLE A 1

MECHANICAL PROPERTIES OF DISPERSION-STRENGTHENED NICHROME ALLOYS

° 2000°F
20007F . Stress Rupture
Tensile Properties
Nominal Hot/Cold | Properties
Alloy Compo— Work
- sition UTS, 0.2% e R.A. ol "Life,
- psi " Y.S.psi *® % P ‘ hours
As ,
1A 80%N1i 20%Cr *| extruded | 2,430 1,570 { 18.5 ; 12.0 - -
v o
> o ™oy As 4,000 32.1
-extruded | 5,200 5,200 2,1 0.0 .’
5,000 0.6
& swaged
As o
, 791 dis-
:x;;:g:g 8,300 7,800 3.4 1.0 4,000 continued
As 4,000 | 1026 (Disc)
extruded j 9,000 9,000 3.4 4.0}’
6,000 2.0
& swaged
A ane 9 As ' : _
1B BOéNi 20%Cr + extruded | 32210 7.4 .1.4 -
5 "/o ThO -
2 As o
extruded § 5,100 4,500 3.5 2.0 4,000 § 393.9
6,000 0.2
& swaged
As
extruded - - - - 16,000 2.4
& swaged
As .
extruded - - - - §6,000 103
& swaged
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FIGURE A 1

SCHEMATIC FLOW DIAGRAM OF PROCESSING VARIABLES USED
IN PREPARING DISPERSION-STRENGTHENED SWER ALLOYS

COMMINUTE METAL
OR OXIDES TO DESIRED
SUBMICRON SIZE

1

COAT WITH
THORIUM NITRATE;

DECOMPOSE TO ThO2

REDUCE OXIDES
(EXCEPT ThOz)

MIX IN DRY BOX
WITH CHROMIUM

1

COMPACT

|

ALLOY BY
HALIDE PROCESS

EXTRUDE

[

INCREASE STRENGTH
THROUGH COLD WORK

46



DISTRIBUTION LIST

(The number in parentheses Is the number
of copies sent to each addressee)

NASA Headquarters (1)

600 Independence Avenue
Washington, D. C. 20546
Attn: N. F. Rekos (RAP)

NASA Headquarters (1)

600 Independence Avenue
Washington, D. C. 20546
Attn: G. C. Deutch (RRM)

NASA Headquarters (1)
600 Independence Avenue
Washington, D. C. 20546
Attn: R. H. Raring (RRM)

NASA-Lewis Research Center (1)
21000 Brookpark Road
Cleveland, Ohio 44315
Attn: G. M. Ault, MS. 105-1

NASA-Lewis Research Center (1)

21000 Brookpark Road

Cleveland, Ohio 44135

Attn: Technology Utilization
Office, MS. 3-19

NASA-Lewis Research Center (1)
21000 Brookpark Road
Cleveland, Ohio 44135
Attn: M. Quatinetz, MS. 49-1

NASA-Lewis Research Center (1)
21000 Brookpark Road
Cleveland, Ohio 44135
Attn: I. I. Pinkel, MS. 5-3

NASA-Lewis Research Center (2)
21000 Brookpark Road
Cleveland, Onio 44135

Attn: Library, MS. 60-3

NASA-Lewis Research Center (1)

21000 Brookpark Road

Cleveland, Ohio 44135

Attn: Report Control Office
M.S8. 5-5

NASA-Lewis Research Center (1)
21000 Brookpark Road
Cleveland, Ohio 44135

Attn: Paul Hacker, MS. 5-3

NASA-Lewis Research Center (1)
21000 Brookpark Road

Cleveland, Ohio 44135

Attn: J. Howard Childs, M.S. 60-4

NASA-Lewis Research Center (5)
21000 Brookpark Road
Cleveland, Ohio 44135

Attn: F. H. Harf, MS. 60-6

NASA-Lewis Research Center (1)
21000 Brookpark Road
Cleveland, Ohio 44135
Attn: A, E. Anglin, MS. 60-6

NASA-Lewis Research Center (1)
21000 Brookpark Road

Cleveland, Ohio 44135

Attn: John H, DeFord, M.S. 60-5

NASA-Lewis Research Center (1)
21000 Brookpark Road
Cleveland, Ohio 44135
Attn:  J. W. Weeton, MS. 49-1

NASA-Lewis Research Center (1)
21000 Brookpark Road

Cleveland, Ohio 44135

Attn: Dr. T. P. Herbell, MS. 49-1

FAA Headquarters (1)

800 Independence Avenue, S. W.
Washington, D. C. 20553

Attn: Brig. Gen. J. C. Maxwell

FAA Headquarters (1)

800 Independence Avenue, S. W.
Washington, D. C. 20553

Attn: . F. B. Howard S§/210



NASA Scientific and Technical (6)
Information Facility
P. 0. Box 5700
Bethesda, Maryland 20014
Attn: NASA Representative
RQT-2 448

U. S. Atomic Energy Commission (1)
Washington, D. C. 20545
Attn: Technical Reports Library

U. S. Atomic Energy Commission (1)
Washington, D. C. 20545
Attn: Jules Simmons

Air Force Office of Scientific (1)
Research

Propulsion Research Division

USAF Washington, D. C. 20525

Attn: Dr. M. Slawsky

Defense Documentation Center (DDC)
Cameron Station (1)

5010 Duke Street

Alexandria, Virginia 22314

Headquarters (1)
Wright Patterson AFB, Ohio 45433
Attn: MAMP: C. Lombard

Headquarters (1)
Wright Patterson AFB, Ohio 45433
Attn: MATB: G. A Gegel

Headquarters (1)
Wright Patterson AFB, Ohio 45433
Attn: MAAM: Technical Library

Headquarters (1)
Wright Patterson AFB, Ohio 45433
Attn: AFSC-FTDS: SM Sgt.

J. C. Ingram, Jr.

Headquarters (1)
Wright Patterson AFB, Ohio 45433
Attn: AFML: Dr. A. M. Lovelace

Headquarters (1)
Wright Patterson AFB, Ohio 45433
Attn: SESOS: J. L. Wilkins

Headquarters (1)
Wright Patterson AFB, Ohio 45433
Attn: MAMP: 1. Perlmutter

Department of the Navy (1)
ONR

Code 429

Washington, D. €. 20525
Attn: Dr. R. Roberts

U. S. Amy Aviation Materials (1)
Laboratory

Fort Eustis, Virginia 23604

Attn: John White, Chief, SMOFE-APG

Chief, Bureau of Naval Weapons (1)
Department of the Navy

Washington, D. C. 20525

Attn: T. F. Kearns

NASA-Langley Research Center (1)
Langley Field, Virginia 23365
Attn: Library

NASA-Langley Research Center (1)
Langley Field, Virginia 23365
Attn: Richard Pride

NASA-Marshall Space Flight Center (1)
Huntsville, Alabama 35812
Attn: Library

Jet Propulsion Laboratory (1)
4800 Oak Grove Drive
Pasadena, California 91102
Attn: Library

Amy Materials Research Agency (1)
Watertown Arsenal

Watertown, Massachusetts 02172
Attn: S. V. Arnold, Director

NASA-Ames Research Center (1)
Moffett Field, California 94035
Attn: Library

NASA-Goddard Space Flight Center (1)
Greenbelt, Maryland 20771
Attn: Library

NASA-Goddard Space Flight Center (1)
Greenbelt, Maryland 20771
Attn: D. F. Hasson Code 714

NASA-Goddard Space Flight Center (1)
Greenbelt, Maryland 20771
Attn: C. E. Vest Code 249.1



Polymet Corp. (1)

11 West Sharon Road
Cincinnati, Ohio 45246
Attn: G. J. Wile

Douglas Aircraft Co.-MSFD (1)

3000 Ocean Park Blvd.

Santa Monica, California 90406

Attn: Dr. D. H. Killpatrick
A-260

Fansteel Metallurgical Corp. (1)
Number Orne Tantalum Place

North Chicago, Illinois 60064
Attn: Dr. D. K. Priest

Firth Sterling Inc. (1)

Powder Metals Research

P.O. Box 71

Pittsburgh, Pennsylvania 15230

Falconbridge Nickel Mines, Ltd. (1)
7 King Street, East

Toronto, Ontario, Canada

Attn: L. G. Bonar

General Electric Co. (1)

Materials and Processes Lab.
Schenectady, New York 12305
Attn: C. T. Sims, Bldg. 55

General Electric Co. (1)
Advanced Technology Lab.
Schenectady, New York 12305
Attn: Library

General Electric Co. (1)
Materials Development Lab. Oper.
Advanced Engine and Tech. Dept.
Cincinnati, Ohio 45215

Attn: L. P. Jahnke

General Motors Corp. (1)

Allison Division

Indianapolis, Indiana 46206

Attn: D. K. Hanink, Materials
Lab.

General Technologies Corp. (1)

708 North West Street

Alexandria, Virginia 22314
Attn: James C. Withers

E. 1. DuPont de Nemours and Co. , (1)

Inc.
Pigments Department Metal Products
Wilmington, Delaware 19898
Attn: Colin 1. Bradford

Ilikon Corp. (1)

Natick Industrial Center
Natick, Massachusetts 01762
Attn: L. J. Bonis

International Nickel Co. (Q)
67 Wall Street

New York, New York 10005
Attn: R. R. Dewitt

IIT Research Institute (1)
Technology Center

Chicago, Illinois 60616
Attn: S. L. Blum

International Nickel Co. (1)
P. D. Merica Research Lab.
Sterling Forest

Suffern, New York 10901
Attn: Dr. F. Decker

Ladish Co. (1)

Government Relations Division
Cudahy , Wisconsin 53110

Attn: C. Burley, Jr.

Arthur D. Little, Inc. (1)
20 Acorn Park

Cambridge, Massachusetts
Attn: Dr. B. Bovarnick

P. R. Mallory and Co., Inc. (1)
3029 E. Washington Street
Indianapolis, Indiana 46206
Attn: Technical Library

Lockheed-Georgia Company (1)
Research Laboratory
Marietta, Georgia 30060
Attn: Dr. W. S. Cremens

Lockheed Palo Alto Research Labs (1)

Materials and Science Lab. 52-30
3251 Hanover Street

Palo Alto, California 94304
Attn: Technical Information Center



Lockheed Palo Alto Research (1)
Labs.

Materials and Science Lab. 52-30

3251 Hanover Street

Palo Alto, California 94304

Attn: Dr. C. G. Goetzel

Lockheed Palo Alto Research (1)
Labs

Materials and Science Lab. 52-30

3251 Hanover Street

Palo Alto, California 94304

Attn: E. C. Burke

Massachusetts Institute of (1)
Technology

Metallurgy Department, RM 8-305

Cambridge, Massachusetts 02139

Attn:  Prof. N. J. Grant

Melpar, Inc. (Q)

3000 Arlington Blvd.

Falls Church, Virginia 22903
Attn: Dr. N. Fushillo

Gordon McKay Lab. (1)

6 Oxford Street

Cambridge, Massachusetts 02138
Attn: Dr. M. Ashby

Mitron Corp.. (1)
899 Main Street
Waltham, Massachusetts 02154

Narmco Research and Development
Div. (1)

Whittaker Corp.

3540 Aero Court

San Diego, California 92123

Attn: Dr. F. J. Reil, Tech. Dir.

NRA. Inc. (D)

35-01 Queens Blvd.

Long Island City, New York 11101
Attn: Dr. s. Grand

North Star Research and (1)
Development Institute

3100 Thirty Eight Avenue, South

Minneapolis, Minnesota 55406

Attn: Dr. J. W. Clegg

Nuclear Metals Company (1)
West Concord, Mass. 01781
Attn: Dr. H. Levingston

Ohio State University (1)

Columbus, Ohio 43210

Attn: Prof. M. G. Fontana,
Chairman, Dept. of
Metallurgical Engineering

Raytheon Co. (1)
Microwave and Power Tube Division
Waltham, Massachusetts 02154

_Attn: Mr. G. Freedman

Rensselaer Poly Tech. (1)
Troy, New York 12180
Attn: Prof. G. S. Ansell

Rensselaer Poly Tech. (1)
Troy, New York 12180
Attn:  Prof. Fritz V. Lenel

Sherritt Gordon Mines, Ltd. (1)
Research and Development Division
Fort Saskatchewan, Alberta, Canada
Attn: Dr. L. F. Norris

Sherritt Gordon Mines, Ltd. (1)
Research and Development Division
Fort Saskatchewan, Alberta, Canada
Attn: Dr. V. H. Mackiw

Sherritt Gordon Mines, Ltd. (1)
Research and Development Division
Fort Saskatchewan, Alberta, Canada
Attn:  Dr. J. I. Evans

Solar Division (1)

International Harvester Corp.

San Diego, California 92112

Attn: J. V. Long, Director of
Research

Texas Instruments, Inc. (1)
Materials and Controls Division
13500 North Central Parkway
Dallas, Texas 75222

Attn: Gene Wakefield

Sylvania Electric Products, Inc. (1)
Chemical and Metallurgical Division
Towanda, Pennsylvania 18848

Attn: Dr. J. S. Smith



Teledyne Materials Research Co. (1)

303 Bear Hill Road
Waltham, Massachusetts 02154
Attn: Dr. R. Widmer

TRW Electromechanical Division (1)
TRW Inc.

23555 Euclid Avenue

Cleveland, Ohio 44117

Attn: Dr. A S. Nemy

TRW Electromechaaical Division (1)
TRW Inc.

23555 Euclid Avenue

Cleveland, Ohio 44117

Attn: Dr. R. Quigg

TRW Electromechanical Division (1)
TRW Inc.

23555 Euclid Avenue

Cleveland, Ohio 44117

Attn: G. Doble

Stanford University (1)

Palo Alto, California 94305

Attn: Prof. Oleg Sherby, Dept.
of Mat'l Science

United Aircraft Corp. (1)
Pratt and Whitney Division
West Palm Beach, Florida 33402
Attn: J. Moore

Universal-Cyclops Steel Corp. (1)
Bridgeville, Pennsylvania 15017
Attn: C. P. Mueller

Vitro Laboratories (1)

200 Pleasant Valley Way

West Orange, New Jersey 07052
Attn:  Dr. H. McCullough

Wah Chang Corp. (1)
Albany, Oregon 97321
Attn: S. Worster

United Aircraft Corp. (1)

400 Main Street

East Hartford, Connecticut 06108
Attn: Research Library

United Aircraft Corp. (1)

400 Main Street

East Hartford, Connecticut 06108

Attn: E. F. Bradley, Chief,
Mat'ls Eng.

Union Carbide Corp. (1)
Stellite Division
Technology Department
Rokomo, Indiana 46901
Attn: J. J. Phillips

Union Carbide Corp. (L)
Stellite Division
Technology Department
Kokomo, Indiana 46901
Attn: Technical Library

University of California (1)
Los Angeles, California 90024
Attn: Dr. G. Hoffman

Avco Space Systems Division (1)
Lowell Industrial Park

Lowell, Massachusetts 01851
Attn: Dr. Allan S. Bufferd



	Data of Alloys in the As Extruded Condition
	Hardness of Alloy 87 After Drawing
	Hardness of Alloy #7 After Swaging
	Hardness of Alloy #6 After Swaging
	Hardness of Alloy #7 After Swaging
	Hardness of Alloy #6 After Swaging
	Weight Change After Exposure in Air
	Air
	Hardness of Alloys 116 #6A and #7 After
	Stress Rupture Properties at 2000°F of Alloys


